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Abstract.—The Mediterranean has a high diversity of herpetofauna, which continues to be understud-
ied. Olive (Olea europaea) groves are one of the primary agroecosystems in the Mediterranean region
but the effectiveness of different survey methods has yet to be tested. Therefore, we compared the
effectiveness of transects and drift fences to sample terrestrial reptiles in old vs. young olive groves.
We observed 857 individuals, representing 10 species (between May and July 2014). We detected 10
species (820 individuals) with transects and five species (37 individuals) using drift fences. The tran-
sect was more efficient for determining species diversity and abundance of reptiles in both young and
old olive groves, but the recorded values were higher in old olives than in the young ones for both re-
sponse variables. Finally, we recorded habitat features (trunks or ground) during transects where the
animal was observed. We recommend the use of transect for biodiversity assessment in olive groves,
where reptiles spend most of their time on trunks and avoid the ground.
Key Words.—drift fences; herpetofauna; Mediterranean; reptile surveys; species abundance; species diversity;
transects.
Introduction
Many reptile and amphibian populations are
declining as a result of climate change, habi-
tat loss, invasive species, disease, or agriculture
intensification (Stuart et al. 2004; Foley et al.
2005). These taxa are little studied in the Mediter-
ranean, and the status of many species is un-
known (Martín and Lopez 2002, Stoate et al.
2009) including many endemic species in the
Iberian Peninsula (Corbett 1989). The Iberian
Peninsula has been identified as a biodiversity
hotpot (Myers et al. 2000) especially for herpeto-
fauna (Loureiro et al. 2008; García-Muñoz et al.
2010). However, due to the agricultural practices
of the region, biodiversity loss is a conservation
concern (Reidsma et al. 2006).
Olive (Olea europaea) groves are one exam-
ple of agricultural intensification, and are one of
the primary agroecosystems in the Mediterranean
(Sokos et al. 2013). These groves are an impor-
tant economical resource (Oteros et al. 2014).
However, very few studies have been conducted
to evaluate the impact of olive groves on rep-
tile and amphibian biodiversity. Indeed, Fryday
and Thompson (2012) identified 155 published
manuscripts that associate herpetofauna from Eu-
ropean countries with agricultural habitats, but
none focused on olive groves (but see Atauri and
Lucio 2001; García Muñoz et al. 2010, 2013).
Although dehesas (i.e., oak woodland pastures)
and pasture lands have been extensively sam-
pled (Martín and Lopez 2002; Godinho et al.
2011; Rotem et al. 2013), very little information
is available regarding diversity and abundance of
reptiles in olive groves or how to sample them.
Ecological studies, including monitoring and
biodiversity inventories, need survey methods
that permit the most efficient and comprehensive
completion of study objectives (Hutchens and
DePerno 2009). However, most studies of her-
petofaunal species richness use only two or three
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Figure 1. Potential ecological niche of Olive (Olea europaea) trees in the Mediterranean basin (green areas)
and the distribution of olive groves in Andalusia showing the study area. (Map taken from Ministry of
Agriculture, Fisheries and Rural Development of the Junta de Andalucía 2010).
sampling methodologies, which limit the relia-
bility of estimates (Bailey et al. 2004; Hutchens
and DePerno 2009). In the case of reptiles, the
most widely employed techniques include drift
fence arrays (with pitfall and/or funnel traps),
transects, and coverboards (Willson and Gibbons
2009). The effectiveness of these methods for de-
termining abundance and species richness varies
among studies (Hutchens and DePerno 2009;
Sung et al. 2011). Capture rates in coverboards
and drift fences have been demonstrated to be
quite high (Ribeiro-Junior et al. 2008), and these
methods are common in North American studies
(Hampton 2007; Hutchens and DePerno 2009),
while transect are commonly used by researchers
in other regions (e.g., Africa; Rodel and Ernst
2004).
Studies evaluating herpetofaunal sampling
methods are common in North America (Hamp-
ton 2007; Hutchens and DePerno 2009), South
America (Ribeiro-Junior et al. 2008), Africa
(Rodel and Ernst 2004), Australia (Spence-Bailey
et al. 2010), and Southeast Asia (Sung et al.
2011). However, only a few studies compare
their effectiveness in Mediterranean regions. Our
objectives were to compare the effectiveness of
two commonly used reptile survey methods (drift
fences and transect) by evaluating capture rates
and observed species richness in old and young
olives groves to provide managers with guidance
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when choosing survey methods for future studies
in woody crops.
Materials and Methods
We conducted the study within Andalusia
(37◦30’–37◦58’N, 4◦17’–4◦56’W; between
159–369 m above mean sea level) located in
the South of the Iberian Peninsula (Fig. 1). We
selected 14 study sites in a representative range
of olive groves (irrigated, unirrigated, with cover
vegetation vs. bare ground, old and young olive
trees). All sites were 20 km apart to ensure
independence of the samples. Each site included
a plantation of olive groves, which is the leading
commercial tree crop in the Mediterranean area
(Oteros 2014). Olive groves were 10–100 y old
and we separated into young (10–20 y old) and
old (90–100 y old) groves for study.
Reptiles sampling.—The Andalusian reptile
fauna includes 26 autochthonous species (three
chelonians, one amphisbaenian, 13 saurians,
and nine ophidians), three of which have an
extremely localized distribution with ranges
< 2% of total survey area (Ministerio de
Medio Ambiente. 2014. Spanish Vertebrate





bdn-ieet-default.aspx. (Accessed 22 May
2014). We conducted all sampling methods from
May to July 2014, a period during which reptiles
are particularly active because it is their mating
season (Martín and Lopez 2002; Godinho et al.
2011). We visited each plot twice (once in May
and again in July)
We tested two herpetofaunal survey methods:
drift fences and transect. All sampling was > 30
m inside from the edge of the olive grove to avoid
edge effect (Sung et al. 2011). We used two tran-
sects at each study site for one hour (30 min
for each transect) and we spaced these transects
≥ 100 m apart (Hutchens and DePerno 2009).
We counted the reptiles observed in each tran-
sect in a 10 m-wide belt, 5 m on each side of
the survey line. We repeated each line transect
census on three days with favorable climate con-
ditions (warm sunny days) between 1100–1300
GMT, when reptiles were most active (Martín and
Lopez 2002). We looked for reptiles at potential
reptile microhabitats, including under rocks and
leaf litter, woody debris, and on tree trunks (Sung
et al. 2011). We noted whether the reptile was
observed on the ground or on a tree trunk. We
completed 168 transect (84 in each census).
Drift fences with pitfall traps and funnel traps
of several designs are widely employed in reptile
research (Spence-Bailey et al. 2010; Sung et
al. 2011; Rotem et al. 2013). We established
a drift fence array on each site (n = 14). Each
array had seven pitfalls (8 L plastic buckets
buried flush with the ground) spaced at 7-m
intervals and three double-ended funnel traps,
connected by a 50-m drift fence (similar to those
of Spence-Bailey et al. 2010). We constructed
drift fences by stapling 0.6 m tall transparent
plastic sheeting to wooden stakes and burying
the bottom (0.1–0.2 m) of the plastic sheeting
in the ground to prevent reptiles from crossing
underneath (see Sung et al. 2011). To prevent
drowning of animals, we drilled 10 mm diameter
holes in the bottom of each pitfall bucket for
drainage. We constructed funnel traps using 0.3
× 0.4 m aluminum widow screens rolled into
cylinders and stapled, and we inserted two wire
mesh funnels with 0.04 m diameter openings
into both ends of each cylinder. We conducted
trapping for four consecutive days in the spring
and summer of 2014, resulting in 784 trap-nights.
We checked the trap lines once per day and
released individuals at the point of capture. We
identified all captured animals to species.
Statistical analysis.—We evaluated the cap-
ture efficacy among capture techniques by com-
paring species richness (S) and the number of
detections for data collected during May-July
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Table 1. Chi-square (χ2), P-values, and coefficients of the variables included in the best models to explain
the number of reptiles (Model 1). The coefficients for the level of fixed factors were calculated using the
reference values of ‘Drift fence’ in the ‘Method’ variable, ‘Young tree’ in the ‘Olive age’ variable and ‘July’
in the ‘Date’ variable.
Variables χ2 P Coefficients ± SE
Intercept 0.43 ± 0.56
Date(May) 9.58 < 0.01 May = -1.17 ± 0.55
Olive age (old) 1.91 n.s. Old tree = -0.36 ± 0.23
Method 918.4 < 0.001 Survey Transect = 2.25 ± 0.23
Date * Olive age 10.0 , 0.01 1.84 ± 0.75
Date * Method 4.30 < 0.05 1.33 ± 0.56
Olive age * Method 6.95 < 0.01 1.37 ± 0.45
Olive age * Method * Date 4.05 < 0.05 -1.49 ± 0.76
2014. We analyzed the capture rates of both
methods measured as captures per trap-hour for
drift fences and as capture per hour for tran-
sects. We created two Generalized Linear Mixed
Models (GzLMM) to compare both methods.
The response variables were the number of in-
dividuals captured (Model 1) and the number
of species (Model 2). We included the method
(two levels: drift fences vs. transects), the age
of the grove (young vs. old), the date (May
and July), and the double interactions between
these variables (Date*Method; Date*Olive age;
Method*Olive age) and the triple interaction
(Date*Olive age*Method) as explanatory vari-
ables in these models. We considered site as a
random variable. We used Poisson distribution
with a log-link function for both models.
We performed the full arrangement of mod-
els (all possible combinations) and model selec-
tion by means of a best subset approach using
the Akaike information criterion corrected for
small sample size (AICc; Burnham and Anderson
2002). We ranked the models generated accord-
ing to AICc values, in which the model with the
lowest AICc is the best. Also, we reported the ∆
AICc value to compare the difference between
each candidate model and the best model. As a
rule, a ∆i < 2 suggests substantial evidence for
the model (and thus for the variables included;
Burnham and Anderson 2002), signifying that we
eventually selected any model with ∆i < 2 with
regard to the model with the lowest AICc. We
performed all statistical analyses using InfoStat
software with α = 0.05. Finally, we used a paired
Wilcoxon test to assess the differences among
the number of reptiles and number of species ob-
served on the ground and on tree trunks (ground
vs. tree) in each transect.
Results
We observed 857 individuals (852 lizards, four
snakes, one worm lizard) representing 10 species.
We detected 10 species (820 individuals) with
transects and five species (37 individuals) us-
ing drift fences for an estimated species rich-
ness (S) of 10 (Appendix 1). The most com-
mon species detected were Podarcis hispanica
(50% of records), Acanthodactylus erythrurus
(28%), Tarentola mauritanica (14%), Psammod-
romus algirus (5%), and Podarcis vaucheri (1%),
while Lacerta lepida, Bladus cinereus, Hemor-
rhois hippocrepis, Malpolon monsspesulanus,
or Rhinechis scalaris represented < 1% of the
records.
The final model retained all factors because
the triple interaction (Date*Olive age*Method)
was significant (Table 1). In both months (May
and July) the number of individuals sampled was
higher when using transects than when using
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Figure 2. Predicted mean values (± SE) of number of individuals sampled in May (a) and in July (b) 2014
according to the sampling method, partitioned by age of olive grove (young vs. old). Different capital letters
indicate significant differences (P < 0.05) between methods.
drift fences (Fig. 2), although with the transects
the number of individuals observed was higher
in old olive groves (Fig. 2). The best candidate
model that explained species richness included
method in all models, while only retaining olive
age, date, and the interaction between method
and date in some of the best candidate models
(Table 2). Higher values of species richness were
detected using transects compared to the drift
fences (χ2 = 67.7; P < 0.001), with a mean (±
SE) of 1.8 ± 0.15 species for transect and 0.4 ±
0.08 species for drift fences. We found more rep-
tiles on the trunks than on the ground (Z = -2.69;
P < 0.01), with a mean of 8.2 ± 2.8 individuals
on trunks and 4.3 ± 2.2 individuals on the ground,
although no differences were detected for species
diversity (Z = -1.27; P > 0.05).
Discussion
We found that transects were more effective
than drift fences for detecting reptiles regardless
of the age of the olive grove. Our results are simi-
lar to other studies that indicate that transects are
highly effective at sampling herpetofauna species
(Rodel and Ernst 2004; Hutchens and DePerno
2009; Sung et al. 2011). These results indicate
Table 2. The best candidate models as regards ex-
plaining species richness (Model 2). The number of
estimated parameters (k), the Akaike information cri-
teria for small sample size (AICc), the difference be-
tween each model and the best model (∆AICc) and
the Akaike weight (wi) are shown.
Candidate Method k AICc ∆AICc wi
Method 1 110.37 0 0.4
Method + Olive age 2 111.23 0.86 0.26
Method + Date 2 112.00 1.63 0.17
Method + Date +
Method*Date
3 112.27 1.9 0.15
transects may be a valuable tool for biodiversity
assessment in woody crops (such as olive crops).
Unfortunately, most studies have used only one
methodology (Spence-Bailey et al. 2010; God-
inho et al. 2011; Rotem et al. 2013) and com-
parisons between methods cannot therefore be
made (Hutchens and DePerno 2009). Drift fences
have been recommended by some researchers be-
cause of the ability to reveal the presence of rare
species and generate significantly higher captures
of common species (Garden et al. 2007; Willson
and Gibbson 2009). However, in our study, drift
fences were less effective at sampling reptiles
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than transect surveys. Moreover, the drift fence
arrays were expensive to construct, maintain, and
operate because traps need to be checked daily,
which increasingly is required by animal care
committees. Also the materials and manufactur-
ing needed for funnel traps (three per array) con-
tributed to a considerable portion of the total cost
for arrays, while transects only require human
effort (Hutchens and DePerno 2009).
One reason that might explain the differences
we found between the methods is the territorial
behavior of the reptiles at our sites (Haenel et al.
2003.) and the small home range of these species
(e.g., 25 m2 for P. muralis or 86 m2 for P. his-
panica; Verwaijen and Damme 2008), which lim-
its their movement to very specific areas. This
might also explain the low rate of capture in
drift fences. Most of the reptiles were lizards and
were located on the trunks of olive trees, which
likely served as shelter and foraging spots (Kerr
et al. 2003). However the significant effect of
tree age on the model can be explained because
only old tree trunks offers adequate shelter and
hunting spots, whereas young trees have homoge-
neous and smooth trunks lacking the microhabi-
tat needed by lizards for refuge. Kaliontzopoulou
et al. (2009) described the arboreal behavior of
P. hispanica with lizards climbing the trunks of
oaks to thermoregulate, find food, and escape
predators. These authors relate this arboreal be-
havior to shortages of rocks or stones in the soil in
Cork Oak (Quercus suber) forests, groves which
are similar to olive groves. For Podarcis sicula,
trunks of old olive trees serve as a mechanism of
involuntary dispersal both within and outside its
natural range (Valdeón et al. 2010; Rivera et al.
2011).
The vertical space in the woody crops used by
lizards in olive groves greatly limits the useful-
ness and effectiveness of drift fences in this broad
habitat type. We recommend the use of transect
surveys to sample lizards when available time and
economic resources are limited in groves of trees.
Only a few snakes were detected by either drift
fences with funnel traps (one capture) or along
transects (three observations). Longer periods of
sampling with drift fences likely will detect more
snakes, but transect surveys seem best for detect-
ing lizards. More research into other sampling
techniques in these woody crops is needed, and
their effectiveness for different taxa should be
compared.
Acknowledgements.—We would like to thank
the students Laura Martin and José Guerrero for
their help in the field and the farmers for their
cooperation. We are also grateful to Sally New-
ton for her useful comments. This work was sup-
ported by the project AGL2012-40128-C03-01
and EU-FEDER funds from the Spanish govern-
ment.
Literature Cited
Atauri, J.A., and J.V. de Lucio. 2001. The role
of landscape structure in species richness dis-
tribution of birds, amphibians, reptiles and lep-
idopterans in Mediterranean landscapes. Land-
scape Ecology 16:147–159.
Bailey, L.L., T.R. Simons, and K.H. Pol-
lock. 2004. Estimating site occupancy and
species detection probability parameters for ter-
restrial salamanders. Ecological Applications
14:692–702.
Burnham, K.P., and D.R. Anderson. 2002.
Model Selection and Multimodel Inference:
a Practical Information-theoretic Approach.
2nd Edition. Springer-Verlag, New York, New
York, USA.
Corbett, K. 1989. Conservation of European Rep-
tiles and Amphibians. Christopher Helm, Lon-
don, UK.
Foley, J.A., R. DeFries, G.P. Asner, C. Barford,
G. Bonan, S.R. Carpenter, and P.K. Snyder.
2005. Global consequences of land use. Sci-
ence 309:570–574.
Fryday, S., and H. Thompson. 2012. Toxicity of
pesticides to aquatic and terrestrial life stages
59
Carpio et al.—-Species richness and diversity in Olive groves.
of amphibians and occurrence, habitat use,
and exposure of amphibian species in agricul-
tural environments. Food and Environment Re-
search Agency, Sand Hutton, York, UK.
Garden, J.G., C.A. McAlpine, H.P. Possing-
ham, and D.N. Jones. 2007. Using multiple
survey methods to detect terrestrial reptiles and
mammals: What are the most successful and
cost-efficient combinations? Wildlife Research
34:218–227.
García-Muñoz, E., J.D. Gilbert, G. Parra,
and F. Guerrero. 2010. Wetlands classifica-
tion for amphibian conservation in Mediter-
ranean landscapes. Biodiversity and Conserva-
tion 19:901–911.
García-Muñoz, E., F. Ceacero, M.A. Carretero,
L. Pedrajas-Pulido, G. Parra, and F. Guerrero.
2013. Optimizing protection efforts for am-
phibian conservation in Mediterranean land-
scapes. Acta Oecologica 49:45–52.
Godinho, S., A.P. Santos, and P. Sá-Sousa. 2011.
Montado management effects on the abun-
dance and conservation of reptiles in Alen-
tejo, Southern Portugal. Agroforestry System
82:197–207.
Haenel, G.J., L.C. Smith, and H.B. John-Alder.
2003. Home range analysis in Sceloporus un-
dulatus (Eastern Fence Lizard). I. Spacing pat-
terns and the context of territorial behavior.
Copeia 2003:99–112. Hampton, P. 2007. A
comparison of the success of artificial cover
types for capturing amphibians and reptiles.
Amphibia-Reptilia 28:433–437.
Hutchens, S.J., and C.S. DePerno. 2009. Efficacy
of sampling techniques for determining species
richness estimates of reptiles and amphibians.
Wildlife Biology 15:113–122.
Kaliontzopoulou, A., N. Sillero, F. Martínez-
Fereiría, M.A. Carretero, and J.C. Brito. 2009.
Podarcis hispanica complex (North African
Wall Lizard). Arboreal Behavior. Herpetologi-
cal Review 40:224–225.
Kerr, G.D., C.M. Bull, and D. Burzacott. 2003.
Refuge sites used by the scincid lizard Tiliqua
rugosa. Austral Ecology 28:152–160.
Loureiro, A., N. Ferrand de Almeida, M. Car-
retero, and O.S. Paulo. 2008. Atlas dos An-
fíbios e Répteis de Portugal. Instituto da Con-
serva çõ da Natureza e Biodiversidade, Lisboa,
Portugal.
Martín, J., and P. Lopez. 2002. The effect of
Mediterranean dehesa management on lizard
distribution and conservation. Biological Con-
servation 108:213–219.
Ministry of Agriculture, Fisheries and Rural De-
velopment of the Junta de Andalucía 2010. An-
dalusia Statistical Yearbook. Anuario de es-
tadística de la Consejería de Agricultura y
Pesca de la Junta de Andalucía, Sevilla, Spain.
Myers, N., R.A. Mittermeier, C.G. Mittermeier,
G.A.B. da Fonseca, and J. Kent. 2000. Biodi-
versity hotspots for conservation priorities. Na-
ture 403:853–858.
Oteros, J. 2014. Modelización del ciclo
fenológico reproductor del Olivo (Olea
europaea L.). Ph.D. Dissertation, Universidad
de Córdoba, Córdoba, Andalusia, Spain. 171
pp.
Oteros, J., F. Orlandi, H. García-Mozo, F. Aguil-
era, A. Ben Dhiab, T. Bonofiglio, M. Abi-
chou, L. Ruiz-Valenzuela, M. Trigo, C. Díaz
de la Guardia, et al. 2014. Better prediction of
Mediterranean olive production using pollen-
based models. Agronomy for Sustainable De-
velopment 3:685–694.
Reidsma, P., T. Tekelenburg, M. van den Berg,
and R. Alkemade. 2006. Impacts of land use
change on biodiversity: an assessment of agri-
cultural biodiversity in the European Union.
60
Herpetological Conservation and Biology
Agriculture, Ecosystems and Environment
114:86–102.
Ribeiro-Junior, M.A., T.A. Gardner, and T.C.S.
Avila-Pires. 2008. Evaluating the effectiveness
of herpetofaunal sampling techniques across
a gradient of habitat change in a tropi-
cal forest landscape. Journal of Herpetology
42:733–749.
Rivera, X., O. Arribas, S. Carranza, and J.
Maluquer-Margalef. 2011. An introduction of
Podarcis sicula in Catalonia (NE Iberian Penin-
sula) on imported olive trees. Bulletí de la So-
cietat Catalana d’Herpetologia 19:83–88.
Rodel, M.O., and R. Ernst. 2004. Measuring
and monitoring amphibian diversity in tropical
forests. I. an evaluation of methods with rec-
ommendations for standardization. Ecotropica
10:1–14.
Rotem, G., Y. Ziv, I. Giladi, and A. Bouskila.
2013. Wheat fields as an ecological trap for
reptiles in a semiarid agroecosystem. Biologi-
cal Conservation 167:349–353.
Sokos, C.K., A.P. Mamolosa, K.L. Kalburtji, and
P.K. Birtsasc. 2013. Farming and wildlife in
Mediterranean agroecosystems. Journal for Na-
ture Conservation 21:81–92.
Spence-Bailey, L.M., D.G. Nimmo, L.T. Kelly,
A.F. Bennett, and M.F. Clarke. 2010. Maximis-
ing trapping efficiency in reptile surveys: the
role of seasonality, weather conditions and
moon phase on capture success. Wildlife Re-
search 37:104–115.
Stoate, C., A. Baldi, P. Beja, N.D. Boatman,
I. Herzon, A. van Doorn, G.R. de Snoo, L.
Rakosy, and C. Ramwell. 2009. Ecological im-
pacts of early 21st century agricultural change
in Europe - a review. Journal of Environmental
Management 91:22–46.
Stuart, S.N., J.S. Chanson, N.A. Cox, B.E. Young,
A.S.L. Rodrigues, D.L. Fischman, and R.W.
Waller. 2004. Status and trends of amphibian
declines and extinctions worldwide. Science
306:1783–1786.
Sung, Y., N.E. Karraker, and B.C.H. Hau. 2011.
Evaluation of the effectiveness of three survey
methods for sampling terrestrial herpetofauna
in South China. Herpetological Conservation
and Biology 6:479–489.
Valdeón, A., A. Perera, S. Costa, F. Sampaio,
and M.A. Carretero. 2010. Evidencia de una
introducción de Podarcis sicula desde Italia a
España asociada a una importación de Olivos
(Olea europaea). Boletín de la Asociación Her-
petológica Española 21:122–126.
Verwaijen, D., and R.V. Damme. 2008. Wide
home ranges for widely foraging lizards. Zool-
ogy 111:37–47.
Willson, J.D., and J.W. Gibbons. 2009. Drift
fences, coverboards, and other traps. Pp.
229–245 In Amphibian Ecology and Conser-
vation: A Handbook of Techniques. Dodd, Jr.,




Carpio et al.—-Species richness and diversity in Olive groves.
Table A1. Total number of captures of reptile species using different survey methods (drift fences vs. transect)
in May and June 2014 in southern Spain.




Acanthodactylus erythrurus 4 68 7 118
Lacerta lepida 2 3
Podarcis hispanica 7 97 14 233
Podarcis vaucheri 2 5
Psammodromus algirus 29 2 4
Tarentola murintanica 49 47
Serpentes
Hemorrhois hippocrepis 1 1
Malpolon monsspesularus 1 1
Rhinechis scalaris 1
Unidentified 129 32
Total 11 376 26 444
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